6.1 Pathogen Identification {#Sec1_6}
===========================

The need for laboratory assays that rapidly identify infectious diseases is substantiated by a number of government initiatives for their development. The Epidemic Outbreak Surveillance (EOS) program was initiated by the U.S. Air Force as an Advanced Concept Technology Demonstration (ACTD) to create a diagnostic assay that would identify 10 to 20 viruses and bacteria that are associated with upper respiratory infections (URI). The Centers for Disease Control has also established its Laboratory Influenza Test program to develop an improved diagnostic assay(s) that detects seasonal flu and novel influenza A viruses.

As with the EOS program, the CDC recognizes the importance of being able to distinguish between flu and other URI infections. A device capable of identifying this combination of bacteria and viruses must be able to overcome complexities associated with potentially highly variable genomes, which is especially relevant to influenza A subtyping. To date, there are 16 identified hemagglutinin \[[@CR1_6]\] and 9 neuraminidase subtypes for Influenza A. This RNA virus has a negative strand, segmented genome, and can infect a broad range of animals including humans. Identification of a virus subtype is typically by serological or molecular identification of the subtype of viral hemagglutinin (HA) and neuraminidase (NA) genes. Viruses with any combination of the hemagglutinin and neuraminidase subtypes can infect aquatic birds whereas fewer subtypes have been found to infect humans. However, interspecies transmission can occur after recombination or mixing of subtypes in birds or pigs \[[@CR2_6], [@CR16_6], [@CR65_6]\]. In addition, new human strains of virus can arise by reassortment to accomplish antigenic shift when two or more subtypes infect the same host \[[@CR3_6], [@CR4_6]\].

Identification of influenza subtypes is routinely accomplished with viral detection (cell culture) and serological techniques such as complement fixation, hemag-glutination, hemagglutination inhibition assays, and immunofluorescence methods \[[@CR51_6]--[@CR8_6]\]. Traditional methods are generally effective, but involve labor-intensive protocols and highly trained personnel. Because of their speed, specificity and sensitivity, genomic assays are ideal for complementing serological assays for identifying the genotype of an unknown specimen, especially in cases where antigenic tests are not specific enough to differentiate closely related groups \[[@CR9_6]--[@CR14_6]\].

Reverse transcription-polymerase chain reaction (RT-PCR) is widely used for virus identification \[[@CR15_6]--[@CR17_6]\]. However, a positive amplification can be verified only by subsequent assays to elaborate sequence information. By overcoming this limitation, microarrays and biosensors have become valuable tools for viral discovery, detection, genotyping, and sequencing \[[@CR6_6], [@CR9_6], [@CR10_6], [@CR13_6], [@CR17_6]--[@CR26_6]\].

Although traditional assays for pathogen detection and typing represent the gold standard, they alone cannot meet the future needs of rapid, sensitive, specific, and simple methods. For example, although immunological methods are excellent for determining influenza subtypes, they do not give detailed genetic information or information when antigenic shifts occur. RT-PCR techniques depend on specific primers, which may fail when corresponding viral sequences mutate.

Microarrays offer an excellent solution as a downstream assay to PCR amplification. Semiconductor-based oligonucleotide array technology can be used with fluorescent labels and traditional optical scanning devices or used as a biodetector using electrochemical techniques for analysis \[[@CR27_6]\]. This platform is extremely flexible, allowing array designs to be rapidly and easily modified and synthesized, and thus permitting oligonucleotides of interest to be tested empirically. In addition, the ability to use electrochemical detection with semiconductor microchips eliminates the need for expensive optical scanning equipment \[[@CR27_6]--[@CR29_6]\]. The use of an endpoint measurement on the PCR reaction, such as with a real-time PCR system, when preparing the target sample that will be hybridized to the array can be used as a decision point to "gate" the choice of samples to be run (i.e., assays are only run if the PCR reaction is positive).

Two genotyping arrays have been developed: an influenza A subtyping array that contains specific probes for each of 16 hemagglutinin (HA) subtypes and 9 neuraminidase (NA) subtypes and also an upper respiratory pathogen diagnostic array that can be used to detect both bacteria and viruses that produce upper respiratory clinical symptoms. These arrays can be hybridized with target generated from all 16 HA and 9 NA subtypes or from upper respiratory tract pathogens by a one-tube RT-PCR amplification of virus RNA or bacterial DNA.

The arrays were developed with nonoverlapping probes with similar annealing stabilities that were generated from sequence databases. For the influenza subtyping chip, subtype-specific probes were selected from a pool of over 23,000 HA and 15,000 NA sequences and then compared to the database to ensure that each probe was unique to the respective subtype and would hybridize to the maximum number of variant sequences. Subtype-specific probes were also subgrouped to give a finer detail for follow-up analysis, such as cluster analysis and sequence reconstruction. The probes for the upper respiratory arrays were developed in a similar manner and then cross-checked against databases to minimize the possibility of cross-hybridization of target and background from host genomic DNA.

The arrays were validated by hybridizing target (see Fig. [6.1](#Fig1_6){ref-type="fig"}) that was generated from RNA or DNA from all HA and NA subtypes on the influenza chip and all viruses and bacteria on the upper respiratory chip, which includes influenza A and B, parainfluenza, adenovirus 4, respiratory syncitial virus, coronavirus, *Streptococcus pyogenes, Bordetella pertussis, Chlamydia pneumoniae, and Mycoplasma pneumonia* (see Fig. [6.2a](#Fig2_6){ref-type="fig"},[b](#Fig3_6){ref-type="fig"}). The target sample preparation system used with these arrays is similar to standard RT-PCR-based methods, except that it uses a very redundant/ consensus priming system that maximizes the chance that novel strains of influenza will amplify, and thus, minimize false negative results. Fig. 6.1Diagram of target amplification and hybridization strategy for the identification of influenza A subtype H3N1. Briefly, a one-tube, three-stage RT-PCR reaction results in single-strand cDNA that is first amplified and then copied to produce biotin-labeled, single-strand target. Target is then hybridized to the array for 1 h and then labeled with either Streptavidin-Cy-5, fluorescent scanning, or with streptavidin-HRP, for electrochemical detection Fig. 6.2aResults of upper respiratory pathogen identification using electrochemical detection. High signal intensities indicate the bacterial pathogen (left panels) and viral pathogen (right panels) identity. Probe signal intensities are shown to the right of the typing panels. Identified bacteria include: *Bordetella pertussis, Streptococcus pyogenes, and Mycoplasma pneumoniae*; and identified viruses include: Coronavirus, Influenza B, and Adenovirus 4 (see \[26\], PLoS ONE for details) Fig. 6.2bResults of influenza A subtyping using electrochemical detection. High signal intensities indicate the hemagglutin (H) and neuraminidase (N) subtypes. Subtype identities are shown in the left panels and probe signal intensities are shown in right panels

Primers and probes for bacteria were developed from conserved genes and then compared to genomes of related organisms. The arrays contain multiple probes that correspond to key distinguishing elements of each organism or subtype. The combination of assay speed (approximately 1 hour hybridization), array sectoring which would allow multiple assays on one array, the potential to strip and reuse the chip up to five times (for conventional hybridizations), and the adaptability to inexpensive electrochemical scanning devices make these arrays a superb adjunct to real-time PCR by supporting multiplex assays and analyses in a single PCR tube.

Rapid identification of upper respiratory pathogens followed by HA and NA subtyping of influenza A viruses, will significantly decrease the time and cost for the identification of potential lethal virus and bacterial strains and lead to better treatment and management of infections. Microarray and biosensor technologies show great promise for virus detection and genotyping and are needed for rapid vaccine development, environmental screening, and the detection of bioterrorism agents \[[@CR14_6], [@CR15_6], [@CR20_6], [@CR30_6], [@CR31_6]\].

6.2 Genotyping Assay {#Sec2_6}
====================

Targets were labeled by biotin incorporation during RT-PCR. Briefly, 25 μl reaction mixes included 12.5 μl of reaction buffer (Invitrogen; SuperScript III One-Step RT-PCR kit with Platinum Taq), 2 μl of 5 mM MgSO~4~, 0.7 μl of 0.4 mM biotin-14-dCTP (Invitrogen), 2 μl primer pool (IDT, Coralville, IA), 0.5 μl enzyme mix, 2 μl RNA or DNA sample (diluted in a solution containing 40.0 μg yeast tRNA (Invitrogen), and 9.6 μg BSA (NEB) per 1.0 ml of dH~2~O), and 4.3 μl dH~2~O. Thermal cycling parameters were: (50°C − 30 min) × 1 cycle; (94°C − 4 min) − 1 cycle; (94°C − 30 s, 56°C − 45 s, 72°C − 45 s) × 40 cycles; (94°C − 30 s, 68°C − 60 s) × 30 cycles and (72°C − 5 min) × 1 cycle. Primers were designed so that the forward primer Tm was approximately 50°C and the reverse primer Tm was approximately 65°C. Influenza subtyping was accomplished with a universal forward primer with a 5′ tag and thus the RT stage of amplification was set to 42°C instead of 50°C (5′CTATAGGAGCAAAAGCAGG). Amplification of target was confirmed by visualizing 3.0 μl of each reaction product on 6% polyacrylamide gels (Invitrogen) and staining with SYBR Green I (Molecular Probes, Invitrogen).

Initially, microarrays were prehybridized for 30 min at 45°C in 50 μl of a solution consisting of 5 ml of 2 × hybridization solution (see below), 1 ml of 50 × Denhardt\'s solution (Sigma), and 0.5 ml of 1% SDS (Sigma). For hybridization (see Fig. [6.1](#Fig1_6){ref-type="fig"}), PCR reactions from primer pools were combined and mixed 1:1 with 2 × hybridization buffer, which consisted of 6 ml of 20 × SSPE (Ambion, Austin, TX), 0.1 ml of 10% Tween 20 (Sigma), 0.56 ml of 0.5 M EDTA (Ambion), 0.5 ml of 1% SDS (Sigma), and 3.84 ml of dH~2~O (Ambion). Microarray hybridization chambers were filled (50 μl volume) and sealed with tape. The arrays were incubated for 1 h at 45°C with rotation in a hybridization oven (Fisher Scientific, Pittsburgh, PA) and washed for 5 min at 45°C with 3X SSPE with 0.05% Tween 20; twice with 2 × PBS with 0.1% Tween 20 (PBST); and then blocked for 5 min with 5 × PBS/Casein (BioFX Laboratories, Owing Mills, MD).

For labeling, microarrays were incubated for 30 min with ExtrAvidin Peroxidase (Sigma) diluted 1:1000 in BSA Peroxidase Stabilizer (BioFX). Arrays were washed twice with 2 × PBST, and twice with pH4 Conductivity Buffer Substrate (BioFX). TMB Conductivity 1 Component HRP Microwell Substrate (BioFX) was added to the array, and it was scanned immediately with an ElectraSense® microarray reader (CombiMatrix Corp.). This instrument measures μA at each of 12,544 electrodes on the array in 25 s and outputs data in picoamps to a simple text file that can be used to create a pseudoimage or can be transferred to and graphed with an Excel macro.

After hybridization to microarrays and data extraction by ECD, graphs of mean subtype intensity values can be used to predict the correct pathogen genotype or subtype. This information can next be broken down into subtype-subgroups. This grouped data can then be used to cluster samples into like groups with alignment software. This software treats each hybridization as an ordered list of intensities, where the value at each position corresponds to the intensity of a unique probe. A distance metric, such as correlation, allows for the determination of the difference between any two hybridization vectors. Next a similarity matrix is created containing the distances between all the hybridizations that are being compared. This similarity matrix can then be used with several clustering programs, such as the BioEdit Sequence Alignment Editor, as diagrammed in Fig. [6.3](#Fig4_6){ref-type="fig"}. Fig. 6.3Cluster analysis: signal intensity data for each sample are compared and probe-to-probe correlations are determined. This data similarity matrix is then used develop an output that shows the relationships of all samples to one another. Clusters have been grouped into the hemagglutinin subtypes H1, H3, and H9 and the neuraminidase subtypes N1, N2, and N3. Green ovals represent known reference samples to which unknown samples are compared

Sequence can also be reconstructed with array probe signal intensity data and then aligned with the most similar sequence in GenBank (Fig. [6.4](#Fig5_6){ref-type="fig"}). Briefly, sequence reconstruction software can take all the existing sequences in the database, align them against the chip probe sequences, and then create a probe profile for each sequence. For each hybridization that is analyzed, data are passed through these probe profiles, and the probe profiles with the highest scores are chosen. Next, sequence reconstruction proceeds within the small database containing the winning sequences. By limiting the dataset, resulting data have a lower background. Fig. 6.4Sequence reconstruction from microarray data: multiple probes per pathogen, that represent the genetic diversity in genomic databases, are synthesized on an array and probed with an unknown target. Our proprietary software extracts the relevant probe signal and translates the associated probe sequence into a reconstructed sequence

6.3 Single Nucleotide Polymorphisms/Resequencing {#Sec3_6}
================================================

Oligonucleotide microarrays have also been developed for single nucleotide polymorphism (SNP) analysis and for resequencing of target DNAs. Over 10 million single nucleotide polymorphisms (SNP) have been estimated to occur in the human genome (International HapMap Project: www.hapmap.org/). Many of these polymorphisms have been associated directly or indirectly with genetic diseases including Crohn\'s disease, ataxia telangiectasia, and Alzheimer\'s disease. Certain Crohn\'s disease patients, for example, have been shown to have mutations in one or more of several genes that are associated with increased susceptibility and disease behavior. These genes include the CARD15/NOD2 gene \[[@CR32_6], [@CR33_6]\], and the MDR1 gene \[[@CR34_6]\]. Also, mutations in the ataxia telangiectasia mutated (ATM) gene have been associated with lymphoma \[[@CR35_6]\] and ataxia telangiectasia, which is characterized by cerebellar and neuromotor degeneration and immune deficiency \[[@CR36_6]\].

The ability to detect mutations in patient genomes allows for a specific diagnosis and therapy and also allows for the prediction of potential disease in patients with a family history of genetic disease. Several technologies have been utilized to detect known SNPs including hybridization on microarrays or in real-time PCR; enzymatic nucleotide extension, cleavage, or ligation; and mass spectros-copy (Reviewed in: \[37--40\]).

Oligonucleotide microarray-based hybridization analyses of SNPs have been used to screen for both previously characterized sequence variants and for the discovery of new sequence variants (reviewed in \[[@CR41_6]\]). This approach uses either a gain of signal approach, where probes are complementary to sequence changes of interest, and measures gain of hybridization signal to these probes relative to reference samples; or loss of signal, which analyzes loss of hybridization signal to perfect match probes that are complementary to wild-type sequence \[[@CR41_6]\].

Potential difficulties with this approach include the ability to detect heterozygous base changes versus homozygous mutations; intra- and intermolecular structures, such as hairpin and G-rich sequence; and G/C-rich versus A/T-rich sequence. In addition, either suboptimal hybridization conditions for G/C-rich sequence must be used to detect an A/T-rich sequence, or A/T-rich probes must be increased in length to equalize hybridization conditions, thus reducing one\'s ability to detect changes in the A/T-rich sequence \[[@CR42_6]\]. Hybridization analyses suffer limitations in detecting known mutations and have demonstrated a high accuracy on only 65% of the DNA surveyed due to a high hybridization stringency \[[@CR43_6]\].

Enzymatic procedures have also been used for mismatch discrimination. These approaches include primer extension or minisequencing, and ligation of probes to sequence specific primers, using the genomic sequence as a hybridization template \[[@CR44_6]--[@CR47_6]\]. Primer extension, or minisequencing, involves the extension, on single-stranded, amplified genomic DNA, of a specific primer in the presence of polymerase and either fluorescent ddNTPs or 1 ddNTP and 3 dNTPs, and detection with gel or capillary sequencing or MALDI/TOF, respectively \[[@CR37_6]\]. Ligation reactions usually require two adjacent primers to anneal to a genome-derived target. The upstream primer usually contains a label on the 5′ end and the 3′ nucleotide is designed to be opposite the SNP of interest. When the 3′ nucleotide forms a perfect match with the target, the primer, with label, is covalently attached by ligase to the downstream primer.

Detection is by fluorescent display on a microarray or by MALDI/TOF \[[@CR37_6], [@CR48_6]--[@CR51_6]\]. One disadvantage in this procedure is the expense of using labeled specific primers for SNPs being screened.

A microchip-based multiplex SNP assay that combines the sensitivity and specificity of ligation with the cost-effective strategy of using a labeled commonoligo-nucleotide that is extended to the site of the match/mismatch is described next. This system can also be used for resequencing DNA by interrogating each nucleotide of interest. Briefly, a target sequence is amplified from the patient genomes of interest, with two specific primers, one containing a common tag for reamplification and detection (See Fig. [6.5](#Fig6_6){ref-type="fig"}). The common tag, which is added during amplification, provides the template for primer extension and an antisense sequence for labeled primer hybridization. The procedure consists of an on-chip hybridization of the combined single-stranded PCR product and labeled common primer, followed by a single-step extension/ligation reaction that can be accomplished with a DNA ligase such as *E. coli* DNA ligase and a polymerase such as Taq Stoffel fragment or reverse transcriptase (Fig. [6.6](#Fig7_6){ref-type="fig"}). The selection of appropriate enzymes for this combined reaction is critical. The polymerase must not have strand displacement or exonuclease activity and the ligase must be able to discriminate a mismatch. A final stringent wash step with NaOH removes unligated label and allows viewing of the SNP (Fig. [6.7](#Fig8_6){ref-type="fig"}) or sequence of interest (Fig. [6.8](#Fig8_6){ref-type="fig"}). Fig. 6.5Diagram of target amplification for SNP analysis and resequencing chips. Briefly, the genomic DNA of interest is amplified with a pair of specific primers. The forward primer contains a tag sequence (T7) for labeling and primer extension with a Cy-5 or biotin labeled oligonucleotide. A second amplification with only the reverse primer results in single-stranded target for hybridization to the array probes Fig. 6.6Diagram of a SNP assay (or resequencing assay). Single-stranded target (see Fig. 6.5) and labeled primer (T7-Cy3/5) are coincubated on the array. After annealing of target and labeled primer, a mixture of polymerase and ligase are added to extend the labeled primers and ligate to probes. The array is then washed with NaOH to remove all unligated label and then scanned for fluorescence (or current for electrochemical detection). Identification of SNPs or generation of sequence is accomplished by detection of signal associated with the correctly ligated primer as only one of four (or two of four in the case of a heterozygous SNP) probes will be ligated to the labeled extended primer Fig. 6.7Results of a SNP assay on Ataxia patient genomic DNA. Three potential SNPs in the human Ataxia-telangiectasia-mutated (ATM) gene were interrogated from two patient genomic DNA samples and one control normal donor sample. Results show the wild-type sequence (first bars) in the normal donor DNA and either homozygous (patient 1, arrowhead) or heterozygous (patient 2, arrowhead) mutations in the ATM patient DNA. Signal intensity, indicated by relative fluorescence, is shown at the left and the locations of polymorphisms within the ATM gene, are shown at the bottom Fig. 6.8Example of a segment of DNA sequence from a resequencing array: this assay is essentially a SNP assay where each nucleotide in the sequence of interest is interrogated. Signal intensity is shown at the left and resulting sequence is shown below

In many situations, identification of a pathogen is not sufficient and a specific gene sequence is required. For example, genotype Z, the dominant avian H5N1 virus genotype currently circulating in Vietnam and Thailand, contains a mutation that is associated with resistance to amantadine and rimantadine \[[@CR31_6], [@CR52_6]\].

Antiviral therapies generally should be given within 48 hours of onset of illness to be effective against human influenza \[[@CR31_6]\]. Thus rapid and specific identification of this subtype and accurate sequence information is crucial for proper treatment. Also, highly pathogenic strains of H5 and H7 influenza viruses can, in some cases, be distinguished from low pathogenic strains by sequencing the hemagglutinin gene, especially the area encoding the cleavage site \[[@CR53_6]\].

With the enzyme-based SNP/resequencing assay described here, one is able to sequence approximately 500 or more nucleotides of genes of interest. This rese-quencing array and assay resulted in approximately 95% or more accurately called bases (998 of 1043 bases; \[25\]). Miscalls were predominately due to strong secondary structures, which can be predicted and avoided before the assay is carried out, and the ligated mismatches A/G, A/A, T/G, G/G, and T/T. These mismatches are generally more difficult to detect because of their low delta G values. For example, sequence errors resulting from A/G mismatches represented 1.4% of the total errors or 6% of the potential A/G mismatches (15 of 251). Strong secondary structures (hairpins and palindromes) interfere with probe-target hybridization and result in a reduced signal. These sequencing arrays should contain either a consensus subtype sequence or a known subtype sequence that lacks a high degree of secondary structure. Replicate probes for each base of sequence should reduce artifacts due to difficult mismatches by averaging out mismatch signal.

Because microarray-based sequencing is based on probe-target hybridization, the target sequence cannot diverge significantly from the arrayed sequence. However, under nonstringent hybridization conditions, internal mismatches between probe and target sequence do not have as great an impact on hybridization and sequencing. This technique is best suited for resequencing, sequencing similar viruses such as seasonal quasispecies complexes, or for surveying mutations in an isolate over time.

6.3.1 Resequencing and SNP Assay {#Sec4_6}
--------------------------------

The oligonucleotide probes synthesized on the resequencing microarray chip were 5′ phosphorylated with T4 polynucleotide kinase (PNK, New England Biolabs, Beverly, MA) for 30 min at 37°C. The array was then preblocked for 15 min at 45°C with 6 × SSPE containing 0.05% Tween-20 (SSPET), 2.0 mM EDTA, 5 × Denhardt\'s solution, and 0.05% SDS. Single-stranded target, with an antisense T7 tag added with the forward primer (5′ TAATACGACTCACTATAGGAG CAAAAGCAGG) during PCR as shown in Fig. [6.5](#Fig6_6){ref-type="fig"} (see [Section 6.1](#Sec1_6){ref-type="sec"} for details), was heated to 95°C for 10 min, placed on ice and T4 ligase buffer added to 1 × concentration. A 5′ biotin-labeled T7 oligonucleotide (Integrated DNA Technologies, Inc., Coralville, IA) was added to a concentration of 1 μM to provide signal for detection and primer for extension. This solution was added to the chip array hybridization chamber and incubated at 45°C for 1 h.

After washing the array with 2 × PBS-0.5% Tween 20, 2 × PBS and 1 × *E. coli* ligase buffer, a mixture consisting of 1 × *E. coli* ligase buffer, 0.2 mM dNTP, 20 units each of AmpliTaq DNA polymerase, Stoffel fragment (Applied Biosystems, Foster City, CA), and *E. coli* ligase were added to the array and incubated at 37°C for 30 min. The array was washed twice for 2 min each with 0.1 N NaOH at room temperature, blocked and labeled as described in [Section 6.1](#Sec1_6){ref-type="sec"}, and then scanned with ElectraSense (CombiMatrix Corp., Mukilteo, WA).

6.4 DNA Methylation {#Sec5_6}
===================

The methylation of DNA is a general mechanism for control of transcription in vertebrates. Cytosine residues in vertebrate DNA can be modified by the addition of methyl groups at the 5-carbon position. DNA is methylated specifically at the Cs that precede Gs in the DNA chain (CpG dinucleotides). This methylation is correlated with reduced transcriptional activity of genes that contain high frequencies of CpG dinucleotides in the vicinity of their promoters. Methylation inhibits transcription of these genes via the action of a protein, MeCP2, that specifically binds to methylated DNA and represses transcription \[[@CR54_6]\]. The analysis of methylation patterns is also fundamental for the understanding of cell differentiation, X chromosome inactivation, regulation of developmental programming, aging processes, diseases, and cancer development \[[@CR55_6]--[@CR58_6]\].

Methylated DNA can be detected on oligonucleotide microarrays by using several techniques including methylation-specific restriction enzyme (MSRE) analysis \[[@CR59_6]\], differential methylation hybridization (DMH) technique \[[@CR60_6]\], and integrated analysis of methylation by isoschizomers \[[@CR61_6]\]. One can also use standard hybridization to detect mismatches or the enzyme-based technique described in the SNP/resequencing section. For these methods, detection of methylated cytosines in genomic DNA involves PCR amplification of chemically modified DNA in which unmethylated cytosine residues have been converted to uracil by hydrolytic deamination, but methylated cytosine residues remain unconverted. Urea may improve efficiency of bisulphite-mediated sequencing of 5\[prime\]-methylcytosine in genomic DNA \[[@CR62_6]\].

Briefly, genomic DNA is digested with endonucleases or sonicated to produce short fragments. Fragmented DNA is then denatured with sodium hydroxide and treated with sodium metabisulphite and hydroquinone and cycled at 55°C and 95°C in a thermocycler \[[@CR63_6]\]. The bisulphite treated DNA is further processed by desalting, with a 3 M column, for example, and by elution in methanol, desiccation, and resuspension in water \[[@CR64_6]\]. Finally the DNA is treated with sodium hydroxide to complete the conversion of unmethylated C residues to Ts. The conversion of unmethylated Cs and the nonconverted methylated Cs can be detected with SNP or resequencing arrays. Results of an enzyme-based assay used to detect methylated DNA are shown in Fig. [6.9](#Fig9_6){ref-type="fig"}. Fig. 6.9Illustration of a methylation assay to show the position of CpG dinucleotides. Random donor genomic DNA was sonicated and divided into two groups: wild-type (WT) and converted (C \> T). For conversion, unmethylated cytosine residues are converted to uracil by hydrolytic deamination and methylated cytosine residues remain unconverted. The region of genomic DNA containing the CpG residues of interest was amplified from the wild-type and converted DNAs using the strategy illustrated in Fig. 6.5 and then hybridized to arrays designed to identify the wild-type Cytosine (C) residue or the converted Thymidine (T) residue. Fluorescence intensity is shown to the left and the CpG dinucleotides being assayed (1 or 2) are shown below. The top panel illustrates the results of hybridization of the converted target and the bottom panel illustrates results of hybridization of the wild-type target using the protocol described in Fig. 6.6

6.4.1 Methylation Assay {#Sec6_6}
-----------------------

CpG methylation is accomplished by sonicating 2 ug of genomic DNA to product fragments of approximately 500 to 1000 bp. Genomic DNA is diluted to 0.2 ug/ul and sonicated at a power setting of 3 for 10 s. Sonicated DNA is then purified with a Qiagen nucleotide removal column. The DNA is then denatured by the addition of 1/9 vol of freshly prepared 3 M sodium hydroxide and incubation for 15 min at 37°C. A 6.24 M urea/2 M sodium metabisulphite (4 M bisulphite) solution is made by dissolving 7.5 g of urea in 10 ml of sterile distilled water, adding 7.6 g of sodium metabisulphite (8.5 g sodium bisulphate), adjusting the pH to 5 with 10 M sodium hydroxide and adding sterile water to a final volume of 20 ml. The urea/ bisulphite solution and 10 mM hydroquinone are then added to the denatured DNA to final concentrations of 5.36 M, 3.44 M, and 0.5 mM, respectively.

The reaction is performed in a 0.5 ml PCR tube overlaid with 100 μl of mineral oil and cycled 20 times at 55°C for 15 min followed by denaturation at 95°C for 30 s \[[@CR63_6]\]. The bisulphite-treated DNA is desalted with a 3 M column: Add 9 parts NEN A (0.1 M *Tris* 7.7, 1 mM EDTA, and 10 mM TEA), load onto a 3 M EMPORE column and centrifuge into a 15 ml tube and then wash by centrifugation with 10 parts NEN A. Repeat centrifugation until dry. Elute in 500 ul NEN B (50% MeOH/dH2O) and dry in a lyophilizer. Resuspend pellet in 90 ul dH~2~O and add fresh 3 M NaOH to a concentration of 0.3 M (1:10) and incubate at 37°C for 15 min. Precipitate by adding NH~4~OAc, pH 7, to the 3 M column-purified material (3 M final) and precipitate with EtOH. Dry with a lyophilizer, resuspend in 100 ul TE buffer, and store at −20°C until analyzed. PCR conditions to produce single-stranded target from methylated DNA and wild-type DNA are described in [Section 6.3](#Sec3_6){ref-type="sec"} as for resequencing arrays.
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